Abstract. This chapter describes the Galactic star forming regions in the constellation Cassiopeia, in the Galactic coordinate range 120
Overview
The large-scale distribution of the dark clouds in Cassiopeia, adopted from the Atlas and Catalog of Dark Clouds (Dobashi et al. 2005) , is displayed in Fig. 1 . The most prominent clouds and young stellar objects are marked.
The high Galactic latitude region of the constellation Cassiopeia contains a few nearby star forming molecular clouds. The nearest cloud is Lynds 1333 at (l, b)=(129 • , +15 • ) and at d ≈ 180 pc, associated with a few low-mass pre-main sequence stars. Lynds 1340, a region of intermediate and low mass star formation, can be found at (l, b)=(130 • ,+11.
• 5) at d ≈ 600 pc. Towards lower latitudes, the cloud complex L 1355/L 1358 is located at (l, b) ∼ (133.
• 5,+8.
• 6). This complex is illuminated by a loose group of B and A stars and the classical Cepheid SU Cas (Turner & Evans 1984) . The average distance of these stars, determined by Turner & Evans (1984) is d = 258 ± 3 pc. No star formation has been observed in these clouds. The starless cores of L 1355 and L 1358 have been targets of several studies aimed at observing initial conditions of low-mass star formation and protostellar infall (Lee, Myers, & Tafalla 1999 Park, Lee, & Myers 2004) .
Star forming regions at various distances can be found at latitudes (|b| < 10 • ). The catalog of CO clouds associated with IRAS point sources, published by Kerton & Brunt (2003) , contains numerous likely star forming regions which deserve follow-up studies. L 1265, L 1287, and S 187, located between 600-1000 pc, are associated with the Orion arm of our Galaxy. The most distant star forming regions, associated with the Perseus arm, include several OB associations (e.g. Humphreys 1978; Garmany & Stencel 1992) located between 1.8-2.8 kpc, and the Herbig Be star MWC 1080, one of the best studied members of this class of objects. The most prominent member of this system, the giant star forming complex W3/W4/W5 is discussed in the chapter by Megeath et al. The regions discussed in the present chapter are listed in Table 1 . 2 Figure 1 . Distribution of visual extinction in the Cassiopeia region (adopted from Dobashi et al. 2005) . The prominent clouds and the young stellar objects associated with the clouds discussed in this chapter are marked. Filled circles are outflow sources, plusses are classical T Tauri stars, asterisks mark Herbig Ae/Be stars, and diamonds weak-line T Tauri stars. Rectangles mark the nominal boundaries of the OB associations (Humphreys 1978) . Dashed lines indicate the boundaries of the constellation. Large circles drawn by radial dashes show the approximate positions of the Cepheus Flare Shell and Cep OB4 Shell (Olano et al. 2006 ).
Lynds 1333
Lynds 1333 is a small dark cloud of opacity class 6 at (l, b)=(128.
• 88, +13.
• 71) (Lynds 1962) . Obayashi et al. (1998) derived a distance of 180±20 pc using a Wolf diagram, and mapped the cloud in 13 CO and C 18 O. According to the available data, the L 1333 dark cloud itself is starless, and has been included in several studies of starless cores (e.g. Lee et al. 1999 Lee et al. , 2001 Lee et al. , 2004 . 13 CO and C 18 O observations by Obayashi et al. (1998) have shown this dark cloud to be part of a long (some 30 pc), filamentary cloud complex (126 • ≤ l ≤ 133 • , +13 • ∼ < b ∼ < +15 • ). They refer to this molecular com- Yonekura et al. (1997) ; c This cloud lies within the region studied in this chapter, but, as it is associated with Cep OB 4 in the literature, it is discussed in the Cepheus chapter.
plex as the L1333 molecular cloud (Fig. 2) . Star formation in the L 1333 molecular cloud has been indicated by the presence of the protostellar-like (Class I SED) source IRAS 02086+7600 and by three other IRAS sources coinciding with Hα emission stars.
Comparison of the properties of dense C 18 O cores of L 1333 with those of other nearby star forming clouds (Taurus, Ophiuchus, Lupus, and Chamaeleon) suggests that L 1333 is among the smallest known star forming molecular cloud complexes (Onishi et al. 1999; Tachihara et al. 2000 Tachihara et al. , 2002 . It represents an extreme environment of star formation, where a few low-mass stars are being formed in a small, filamentary cloud complex. The total mass of 13 CO molecular clouds shown in Fig. 2 is estimated to be about 720 M ⊙ . Thirteen C 18 O cores, which are characterized by mean mass of 9 M ⊙ and mean density of 1.4 × 10 4 cm −3 , are embedded in the 13 CO cloud.
Eighteen Hα emission line stars have been detected within or near the 13 CO clouds on objective prism plates. Spectroscopic follow-up observations confirmed the premain sequence nature of only three of them. One of the three, OKS98 Hα 6, proved to be a visual double with two T Tauri type components, separated by 1. ′′ 8. Table 2 shows the IRAS and 2MASS data for these objects, as well as spectral types and optical photometric results (Kun et al. 2006) . Their distribution with respect to the molecular cloud is displayed in Fig. 2 . The source IRAS 02086+7600 is associated with a C 18 O core and exhibits a Class I type infrared spectrum, yet coincides with a faint visible star.
There are several weak-line T Tauri stars in the cloudless region between L 1333 and the high-longitude edge of the Cepheus flare (116 • < l < 124 • , b ∼ 17 • , found by Tachihara et al. (2005) . Their relation to the cloud complex is unknown. Olano et al. (2006) studied the space distribution and kinematics of the interstellar matter in the Cepheus flare and in the neighboring Cassiopeia clouds, using the LeidenDwingeloo HI data and the Columbia Survey CO data. They found that the broad and often double-peaked spectral line profiles suggest that the Cepheus Flare and Cassiopeia clouds form a big expanding shell that encloses an old supernova remnant. Assuming a distance of 300 pc for the center of the shell they derived a radius of approximately 50 pc, expansion velocity of 4 km s −1 , and HI mass of 1.3 × 10 4 M ⊙ for the Cepheus 4 Flare Shell. L 1333 probably lies on the approaching side of the Cepheus Flare Shell, whose approximate position is plotted in Fig. 1 . (Obayashi et al. 1998) , and dots are IRAS point sources.
Lynds 1340
Lynds 1340 is a dark cloud of opacity class 5 at (l, b)=(130 • , +11 • ) (Lynds 1962) . It is associated with the reflection nebula DG 9 (Dorschner & Gürtler 1964) , illuminated by B and A-type stars. The small nebulosities RNO 7, 8, and 9 (Cohen 1980) , associated with the cloud, are probably signposts of recent star formation. The basic properties of the cloud were studied by Kun et al. (1994) . They presented 13 CO and C 18 O maps of the cloud, and obtained a distance of 600±60 pc by averaging the results obtained from a Wolf diagram, as well as the spectral classification and UBV photometry of the stars illuminating DG 9. They also provided a list of candidate young stellar objects, selected from the IRAS catalogs and Hα emission stars identified on objective prism Schmidt plates. Yonekura et al. (1997) found that L 1340 contains some 1300 M ⊙ of molecular mass.
The distribution of 13 CO has revealed three clumps within the cloud, denoted as L 1340 A, B, and C by Kun et al. (1994) . Each clump is associated with massive C 18 O cores, and with a number of IRAS point sources and Hα emission stars.
The densest regions of L 1340 were mapped in the (1,1) and (2,2) inversion transition lines of ammonia (Kun, Wouterloot, & Tóth 2003) . The ammonia survey has revealed 10 dense cores, occupying some 7 % of the mapped area. Their total mass is ∼80 M ⊙ , about 6 % of the mass traced by C 18 O. Kumar, Anandarao, & Yu (2002) performed a near infrared imaging survey and search for Herbig-Haro objects in L 1340. They established that RNO 7 is a small embedded cluster consisting of some 26 members, and identified three Herbig-Haro flows in L 1340 A. The source of HH 487 is probably IRAS 02224+7227, coinciding in position with an M type weak-line T Tauri star (Kun et al. 2006) . HH 488 originates from RNO 7, and HH 489 from the Class I source IRAS 02250+7230. Magakian et al. (2003) identified further HH objects, HH 671 and HH 672, originating from RNO 7. They detected 14 Hα emission stars in the region of RNO 7. Table 4 lists the IRAS point sources and Hα emission stars selected as candidate YSOs by Kun et al. (1994) and Magakian et al. (2003) , and Table 3 lists the known HH objects and sources in L 1340. Figure 3 shows the surface distribution of 13 CO, C 18 O, and visual extinction, and positions of ammonia cores, IRAS point sources, and RNOs in L 1340, adopted from Kun et al. (2003) . Figure 4 , adopted from Magakian et al. (2003) , is the finding chart of the Hα emission stars near RNO 7.
O 'Linger et al. (2007) mapped L 1340 B at 450 and 800µm using SCUBA on JCMT. They discovered 25 submillimeter sources. By mapping the region in the J=3-2 transition of CO, they discovered outflows around several sources. The submm sources are listed in Table 5 . There are several Class 0 protostars among them. O'Linger et al. (2007) conclude that these sources represent a second generation of stars born in the cloud, and their formation might have been triggered by the Herbig Be star KOS94 R3b, located in the same cloud.
Star Forming Regions at |b| < 10 •
The pre-main sequence stars in Cassiopeia at |b| < 10 • are listed in Table 6 , and the outflow-driving objects are shown in Table 7 .
LkHα 198 and its Environment in Lynds 1265
The pre-main sequence star LkHα 198 (V633 Cas, HBC 3), associated with the dark cloud L 1265, was first identified by Herbig (1960) . Cohen & Kuhi (1979) classified its spectral type as B3, Hillenbrand et al. (1992) as A5, and Hernández et al. (2004) as B9. Chavarría-K. (1985) discovered the photometric variability, in particular, flare activity of LkHα 198. He derived a distance of 600 pc and a luminosity of 160 L ⊙ for LkHα 198, and established that the star is some 2.5 mag above the main sequence. Its eventual spectral type on the main sequence is expected to be about B3. V376 Cas, another Herbig Be star, is located 37 ′′ north of LkHα 198 within the same cloud. Lagage et al. (1993) imaged the region around LkHα 198 at 10 µm, and discovered a deeply embedded companion 6 ′′ north of the star, which they suggest to be responsible for most of the far-infrared emission in the region. The mid-infrared companion was also detected in the near-infrared by Li et al. (1994) and Leinert et al. (1997) . The projected separation of the binary is 3300 AU. The estimated luminosity of the companion is 100 L ⊙ , thus it could be a third Herbig Ae/Be star in the system. Cantó et al. (1984) and Levreault (1988) found a large CO outflow from the system. Strom et al. (1986) discovered an HH object, HH 161, south-east of LkHα 198. Corcoran et al. (1995) found two further HH flows, HH 162, associated with V376 Cas, Aspin & Reipurth (2000) by optical imaging discovered a bright bow shock, HH 461, along the axis defined by the previously known HH 164 jet. Sandell & Weintraub (1994) presented submillimeter and millimeter line and continuum observations of the region around LkHα 198 and V376 Cas. The continuum data revealed the presence of a very cool object, LkHα 198 MM, located 19 ′′ northwest of LkHα 198. LkHα 198 MM is not visible in the near-infrared. The CO maps suggest that the mm-source, rather than LkHα 198 or its infrared companion LkHα 198 B, may drive the large CO outflow seen in this cloud, or that both the stars and the millimeter source drive outflows which are roughly parallel to each other. In addition V376 Cas appears to power a small bipolar CO outflow. Butner & Natta (1995) modeled the extended far-infrared emission, measured by KAO, from the system, and established that the source of the emission is the optical star LkHα 198, and not its infrared companion. High resolution interferometry toward LkHα 198 and the surrounding region by di Francesco et al. (1997) at 2.7 mm failed to detect LkHα 198, but LkHα 198 MM was detected and resolved. Hajjar & Bastien (2000) revisited the probable protostellar object LkHα 198 MM northwest of LkHα 198. They found it to be the main source of emission in the region at millimeter wavelengths and probably the major contributor to the submillimeter radiation down to 100 µm, and the most likely source of the large-scale CO outflow.
The stars are embedded in a reflection nebulosity (see the left panel of Fig. 5 ), which was also detected in the near infrared by Testi et al. (1998) . The NIR nebulosity prevented Testi et al. from detecting a possible group of low-mass stars, usually present around Herbig Be stars. Fukagawa et al. (2002) carried out high-resolution near-infrared imaging of LkHα 198 using the Coronagraphic Imager with Adaptive Optics (CIAO) on the Subaru 8.2-m Telescope. The images resolve the infrared companion LkHα 198 B and an associated parabolic reflection nebula, indicating that it is an outflow source. LkHα 198 B exhibits 
L 1287
L 1287 (TDS 463) is a filamentary dark cloud, located at 850 pc from the Sun , and extending over 10 pc along the Galactic plane. Yang et al. (1991) mapped the cloud in 13 CO, HCO + , and HCN lines. The total mass of the cloud was estimated to be some 240 M ⊙ from the 13 CO observations. It contains at least four separate cores, aligned along the filament. The region of strongest CO emission, L 1287 main core, contains a mass of some 13 M ⊙ , according to the 13 CO observations. The IRAS point source IRAS 00338+6312 is projected on the peak CO position of L 1287 (Fig. 7 left panel, adopted from Yang et al. 1991 ). An energetic bipolar molecular outflow has been detected around this source Yang et al. 1991) , and it is associated with H 2 O (Henning et al. 1992; Fiebig 1995; Fiebig et al. 1996) , OH (Wouterloot, Brand, & Fiegle 1993) , as well as methanol (Slysh et al. 1999; Kalenskii, Promyslov & Winnberg 2007 ) maser emission. Walker & Masheder (1997) presented HCO + (J=1-0) and CS (J=2-1 and 5-4) data for the molecular cloud centred on IRAS 00338+6312. They found that the line profiles suggest a collapsing cloud with density and infall velocity increasing towards the centre as r −3/2 and r −1/2 , respectively, in accordance with the predictions by Shu (1977) . Mookerjea et al. (1999) observed IRAS 00338+6312 using the two-band FIR photometer system at the Cassegrain focus of the TIFR 100 cm (f/8) balloon-borne telescope. An area of 22 ′ × 7 ′ centered on IRAS 00338+6312 was mapped in the FIR bands at 143 µm and 185 µm. The source was resolved at both wavelengths.
L 1287 harbors the nebulous young star RNO 1 (F5e, Cohen 1980). Staude & Neckel (1991) discovered a further young stellar object located at 50 ′′ south-west of RNO 1 (0.2 pc at a distance of 800 pc) which they called RNO 1B. Based on optical spectroscopic observations they have shown that RNO 1B is a FU Orionis type star. Further faint, probably deeply embedded stars can be identified in their I-band image near RNO 1 (right panel of Fig. 7) . Near-infrared spectroscopic observations by Kenyon et al. (1993) confirmed the FUor nature of RNO 1B, and have shown that RNO 1C, located at 6 ′′ from RNO 1B, is also a FUor. Kenyon et al. (1993) suggest that the binary system RNO 1B/RNO 1C is the driving source of the molecular outflow.
IRAS 00338+6312 is 5 ′′ and 11 ′′ from RNO 1C and RNO 1B, respectively. A number of observations support that the catalog coordinates of IRAS 00338 +6312 accurately mark the location of a deeply embedded YSO, distinct from the FUors. Using polarimetric imaging, Weintraub & Kastner (1993) found an embedded protostar that they suggested was the star driving the molecular outflow, since the position of the protostar was closer than either RNO 1B or 1C to the position of the IRAS source. VLA observations by Anglada et al. (1994) revealed four 3.6 cm sources within 30 ′′ of the IRAS position, all four of which are possibly PMS objects embedded in the L 1287 cloud core. The position of the strongest VLA source, VLA 3, coincides within the errors with the position of the protostar found by Weintraub & Kastner, while a second of the VLA sources, VLA 1, appears to coincide with the position of RNO 1C. McMuldroch et al. (1995) using the OVRO millimeter array detected a millimeter continuum source at both 3.1 and 2.6 mm, whose position coincides within the errors with that of RNO 1C. Neither RNO 1B nor VLA 3 were detected in the millimeter continuum, a result which would argue for RNO 1C being the source driving the outflow. The 850 and 450 µm SCUBA maps obtained by Sandell & Weintraub (2001) show a strong elliptical dust source (RNO 1 SM 1) centered very close to the position of RNO 1C. The long axis of RNO 1 SM 1 (∼ +18 • ) is roughly orthogonal to the position angle of the CO outflow (∼ −50 • ). In addition to the large central source, the maps reveal a large region of emission surrounding RNO 1 SM 1 and a ridge of emission extending to the southeast. In the high-resolution 450 µm image, an extension from RNO 1 SM 1 can be seen in the direction of the protostellar source VLA 3, supporting that that VLA 3 also is associated with dust emission. Along the southeast ridge, the SCUBA maps show the presence of two additional submillimeter sources, RNO 1 SM 2 and RNO 1 SM 3, both of which are securely detected at 1.3 mm and 850 µm. No optical, infrared or IRAS counterparts are known at the positions of either RNO 1 SM 2 or RNO 1 SM 3. Weintraub et al. (1996) obtained diffraction limited images of the L 1287 core at 3.8 µm. In additon to RNO 1B/1C they identified at least six other stellar sources, as well as one region of nebulosity. Their image revealed a 3.8 µm source coincident with IRAS 00338+6312, thus confirm that the outflow source is a deeply embedded protostellar object. The 3.8 µm sources identified by Weintraub et al. (1996) are listed in Table 8 . Testi et al. (1998) included RNO 1B in their search for compact clusters around Herbig Be stars. The star is surrounded by a bright extended nebulosity. A small group 13 CO integrated intensity map of L 1287, observed by Yang et al. (1991) . Contours start at 1 K km s −1 with steps of 1 K km s −1 . IRAS 00338+6312 is denoted by cross near the center of the main peak. The cross at the west peak represents another source, IRAS 00332+6315. The direction of κ Cas, the assumed source of triggered formation of the dense core, is illustrated by the arrow. Right: I-band image of the RNO 1 region (Staude & Neckel 1991) Table 9 . Positions and apparent brightnesses of IRAC sources in the L 1287 core (Quanz et al. 2007) No. Object name RA(J2000) Dec(J2000) 3.6 µm 4.5 µm 5. of stars with r ∼ 0.15 pc was detected within the nebula. The surface density of field stars appears to increase away from RNO 1B, suggesting that localized extinction is present. The size of the cluster appears to be consistent with that of the ammonia clump detected by Estalella et al. (1993) . Lorenzetti et al. (2000) present results of far-infrared spectroscopic observations, performed with ISO Long Wavelength Spectrograph, for RNO 1B. Quanz et al. (2007) presented results of Spitzer IRAC and IRS observations of L 1287. IRAC images of L 1287 have revealed deeply embedded objects in the vicinity of RNO 1B and RNO 1C, confirming their association with a young stellar cluster. Eight sources have been detected in at least three of the four mid-infrared bands. RNO 1B/RNO 1C are the only confirmed FUors that belong to a cluster-like environment. The IRAC images resolve the mid-infrared source associated with IRAS 00338 +6312, which is an intermediate-mass protostar. IRS spectra of the objects reveal their icy and dusty circumstellar environment, as well as detect H 2 emission lines from purely rotational transitions. These lines arise from shocked material within the molecular outflow. Table 9 lists the coordinates of objects revealed by the IRAC images (Quanz et al. 2007 ). The 2MASS K s and IRAC 5.8 µm images of the L 1287 main core, adopted from Quanz et al. (2007) and displayed in Figure 8 show several faint members of the small cluster around RNO 1B/RNO 1C.
L 1293
L 1293 appears as a dark cloud of opacity class 4 in Lynds ' (1962) catalog. The three IRAS sources with non-stellar flux density distribution, projected on the cloud, are listed in Table 10 . Whereas IRAS 00364+6246 is probably a foreground star, the two other sources may be young stellar objects associated with L 1293.
A comprehensive study of L 1293 is presented by . Molecular line emission was detected at v LSR = −18km s −1 , close to those of the neighboring L 1287 and M 120.1+3.0, associated with Cep OB 4, suggesting that these clouds are parts of the same molecular gas stream at the same distance. Therefore assumes a distance of 850 pc for L 1293. The distribution of the 13 CO emission is shown in the left panel of Fig. 9 . The whole cloud, defined by the 2 K km s −1 contour in 13 CO, extends over 36 ′ × 20 ′ or 9 × 5 pc. The total mass of the cloud was estimated to be about 640 M ⊙ . In the direction of IRAS 00376+6248 a bipolar molecular ouflow was detected. A contour map of the 12 CO intensity for the high-velocity gas components is shown in the right panel of Fig. 9 . High-resolution observations in the HCN and HCO + lines reveal a high-density region around IRAS 00376+6248. 13 CO integrated intensity map of L 1293, observed by . Contours start at 2 K km s −1 with steps of 1 K km s −1 . The IRAS sources listed in Table 10 are plotted by crosses. Right: A contour map of the 12 CO intensity for the high-velocity gas components. The solid lines and the grey lines denote the blue-shifted (−25 km s −1 < v LSR < −20 km s −1 ) and the red-shifted (−16 km s −1 < v LSR < −11 km s −1 ) components, respectively. IRAS 00376+6248 is indicated by a cross. (Adopted from .) IRAS 00376+6248 appears in the CO survey by Wouterloot & Brand (1989) as WB 357. It is also included in the catalog of IRAS sources associated with CO gas in the outer Galaxy by Kerton & Brunt (2003) as IRCO 2387. Wouterloot et al. (1993) detected an H 2 O maser emission in the direction of IRAS 00376+6248. Olano et al. (2006) found that the space distribution and kinematics of the interstellar matter in the region of Cep OB4 suggest the presence of a big expanding shell, centered on (l,b) ∼ (122 • ,+10 • ). Assuming a distance of 800 pc for the center of the shell they derived a radius of some 100 pc, expansion velocity of 4 km s −1 , and HI mass of 9.9 × 10 4 M ⊙ for the Cepheus OB4 Shell. Both L 1287 and L 1293 lie close to the low-latitude boundary of the Cep OB4 Shell, plotted in Fig. 1. 
Cas OB 14
L 1287 and L 1293 are located in a volume where the association Cas OB 14, defined by four high-luminosity stars, can be found (Humphreys 1978) . Table 11 lists the spectral types, Galactic coordinates and absolute magnitudes M V of these association members. The distance of 1100 pc, given by Humphreys (1978) for Cas OB 14, is the average distance of these four stars. No lower luminosity members can be found in the literature. Snell et al. (1990) and Yang et al. (1991) associate L 1287 with Cas OB 14, and propose that star formation in L 1287 might have been triggered by the strong stellar winds from κ Cas, the most luminous member of Cas OB 14 (see Fig. 7 ). As an evidence of such a trigger, Yang et al. (1991) mention that the ratio of the luminosity of the young stellar object to the mass of the core associated with the object is much higher for the L 1287 main core than for isolated low-mass cores. Yang et al. (1991) propose that L 1287, L 1293, and M 120.1+3.0 may be parts of a giant, filamentary molecular system stretching from Cep OB 4 to Cas OB 14. 
BD +61 • 154 and its Environment (L 1302)
The pre-main sequence nature of the B8-type star BD +61 • 154 (MWC 419, V594 Cas) was suggested by Herbig (1960) . The same paper reported on the discovery of seven Hα emission stars, namely LkHα 199-LkHα 205 within 22 ′ of BD +61 • 154. Five of them have HBC identifications (see Table 6 ). García-Lario et al. (1997) report on two further T Tauri stars in the neighborhood of BD +61 • 154. Testi et al. (1998) detected no density enhancement of K-band sources around this star during their infrared search for clusterings around Herbig Ae/Be stars. As BD +61 • 154 lies on the northwestern edge of the sparse cluster NGC 225, Herbig (1960) and several other authors (e.g. Finkenzeller & Mundt 1984; Testi et al. 1998) propose that it may be a cluster member, which would suggest a distance of 650 pc (Hagen 1970 ). However, according to the photometric and proper motion study by Lattanzi et al. (1991) the age of NGC 225 is about 120 million years, and BD +61 • 154 is not a member of the cluster. Its Hipparcos parallax, π = 3.3 ± 1.6 (Van den Ancker et al. 1998) suggests a smaller distance. Recently, Subramaniam et al. (2006) pointed out that 15 of the 28 members of NGC 225, identified by Lattanzi et al. (1991) exhibit near-infrared excess, suggesting that the cluster is probably very young and thus may contain pre-main sequence stars. Van den Ancker et al. (1998) associate BD +61 • 154 with the dark cloud L 1302. As this region lies in the Galactic plane, several clouds along the line of sight may contribute to the total extinction defining L 1302. Molecular observations confirm this hypothesis. detected a weak CO emission from the direction of L 1302 at v LSR ≈ −18 km s −1 , therefore he assumed that L 1302 belongs to the same group of molecular clouds as L 1287 and L 1293. However, other CO observations in this region report on molecular emission at v LSR ≈ −13 km s −1 (e.g. Yonekura et al. 1997; Kerton & Brunt 2003) . Kerton & Brunt (2003) detected CO emission at v LSR = +4.41 km s −1 and v LSR = −13.83 km s −1 on the position of BD +61 • 154 (IRCO 2414). Yonekura et al. (1997) associate their cloud 122.0 − 01.1 with L 1302 and with HBC 7 (LkHα201). LkHα201 appears more distant than BD +61 • 154 (e.g. Herbig & Bell 1988; Hernández et al. 2004) . Its pre-main sequence nature is somewhat uncertain (Herbig & Bell 1988; Thé et al. 1994) . Thus the distance of this system and the association of pre-main sequence stars with both each other and the clouds need further studies.
S 187 and its Environment (L 1317)
S 187 is a small optical HII region (diameter: 0. ′ 9), located in the Orion arm of the Galaxy, in the direction of the dark cloud L 1317. Its kinematic distance is ∼ 1 kpc. No other other distance information was available in the literature until 2007, when a spectro-photometric distance of 1.44±0.26 kpc was published by Russeil, Adami, & Georgelin (2007) . They carried out spectroscopic and photometric observation of candidate exciting stars of several HII regions, including S 187, with the aim to determine their distances. The result is based on spectral type and UBV photometric data of a B2.5V type star, located at RA (2000) S 187 belongs to a large molecular complex, mapped by Casoli, Combes, & Gérin (1984a) and Joncas, Durand, & Roger (1992) . A high velocity molecular outflow was discovered by Bally & Lada (1983) near the core of the molecular cloud. The source of the outflow, S 187 IRS is close to the IRAS point source IRAS 01202+6133.
A comprehensive multi-wavelength study of S 187 can be found in Joncas et al. (1992) . They mapped the ionized, neutral and molecular components of the gas complex, studied the infrared properties of the associated dust, identified IRAS point sources related to star formation, and found the possible source of the ionization by optical photometric survey of the region. (We note that their suspected exciting source (star 4) is identical with that used for distance determination by Russeil et al. (2007) ). S 187 is surrounded by an HI shell and a large molecular cloud. Yonekura et al. (1997) derived M = 7600 M ⊙ for the mass of the whole molecular cloud associated with S 187.
Several signposts of star formation lie in the direction of S 187, such as the IRAS source IRAS 01202+6133 3 ′ southeast of the HII region, and the outflow source S 187 IRS (Bally & Lada 1983 ) some 2 ′ west of the IRAS source. Henkel, Güsten & Haschick (1986) discovered H 2 O maser emission from the direction of S 187 IRS. IRAS 01202+6133 is surrounded by an infrared nebula referred to as S187 IR (Hodapp 1994) . Zavagno, Deharveng, & Caplan (1994) discovered an optically visible young stellar object, S187 Hα. The optical spectrum of this object exhibits several emission lines with P Cygni type profiles. It is probably a Herbig Ae/Be star.
The left panel of Fig. 10 shows the large-scale distribution of the molecular gas overlaid on the DSS image of the field (Joncas et al. 1992 ). The right panel shows the map of CO outflow observed by Casoli, Combes, & Gérin (1984b) , superimposed on V frames of the S 187 field obtained by Zavagno et al. (1994) . The pre-main sequence star S 187 Hα is indicated. Ammonia emission observed by Torrelles et al. (1986) is shown by thick lines. Salas, Cruz-Gonzalez, & Porras (1998) imaged in the near-infrared a 3. ′ 67 × 3. ′ 67 region (corresponding to 1.07 × 1.07 pc 2 ), around IRAS 01202+6133. They discovered a curved molecular hydrogen outflow that extends over a region of 76 ′′ (0.38 pc at d=1 kpc), and identified as S187:SCP 1 (H2). The outflow changes direction by more than 90 • in a continuous way (see the left panel of Fig. 11 ). The outflowdriving source is probably an extreme T Tauri star, identified as S 187 NIRS 1, located at the apex of the curved structure (identical with 2MASS J 01231828+6147388). Salas et al. (1998) 13 CO integrated intensity map of the S 187 molecular cloud, superimposed on the Palomar Sky Survey image of the field (Joncas et al. 1992 Casoli et al. (1984b) (dashed line for the blue wing, thin lines for the red wing), superimposed on V frames of the S 187 field obtained by Zavagno et al. (1994) . Ammonia emission observed by Torrelles et al. (1986) is drawn by thick lines.
within 13 ′′ of the IRAS position. This object could be a protostar or a highly extincted intermediate-mass star (L < 2800 L ⊙ ). Jiang et al. (2001) present K'-band polarimetric images of S 187 IR. They detected a bipolar, near-infrared nebula around IRAS 01202+6133, with the southern part being bright and knotty, and the northern part being faint and filamentary. The IRAS source 01202+6133 is located at the center of the nebula and is associated with the reddest point source of the field, labeled S1. The K'-band image is shown in the right panel of Fig. 11 . The polarization map of S 187 IR reveals that the bipolar nebula is illuminated by a single central source. Bica et al. (2003) discovered an infrared cluster at l = 126.
• 66, b = −0.
• 79, associated with S 187, using the data in the 2MASS All Sky Catalog (object No. 52). S 187 has been included in the HCN (J=1-0) survey of bright infrared sources by Pirogov (1999) and in the N 2 H + (1-0) survey of massive molecular cloud cores by Pirogov et al. (2003) . (2001)). The H 2 knots detected by Salas et al. (1998) are labeled. A new H 2 knot in the southwestern corner of the frame is labeled as SCP 1 (H2) S. The curved H 2 jet, SCP 1 (H2), is significant to the southwest of the S187 IR nebula, and three other H 2 knots are found to the north and south, generally along the nebular extension. North is up, and east is to the left. Right: K' image of the bipolar infrared nebula S 187 IR, observed by Jiang et al. (2001) . The associated NIR point sources (S1-S3) and reflection knots (A-I) are labeled. The dashed ellipse indicates the uncertainty ellipse around the position of IRAS 01202+6133.
Star Forming Regions beyond 2 kpc

MWC 1080: Star formation in L 1238
In spite of its large distance from the Sun, MWC 1080 (V628 Cas, HBC 317) is among the most thoroughly studied Herbig Be stars. MWC 1080 was already proposed as a candidate early-type pre-main sequence star by Herbig (1960) . It is embedded in the dark cloud L 1238 at a distance of 2.2-2.5 kpc Levreault 1988) . The spectral type, determined from the strength of the HeI lines by Cohen & Kuhi (1979) , is B0. From a low dispersion optical spectrogram Yoshida et al. (1992) obtained A0-A3. Hernández et al. (2004) classified MWC 1080 as a continuum star. The object is a hierarchical multiple system: the primary, which is itself an eclipsing binary (Grankin et al. 1992; Leinert et al. 1997 ) has an infrared companion separated by 0. ′′ 75 (Leinert et al. 1997) and another companion at 4. ′′ 7 (e.g. Pirzkal et al. 1997) . Zinnecker & Preibisch (1994) detected strong X-ray emission from the object. The whole system is surrounded by a small cluster of infrared sources within a radius of 0.7 pc (Testi et al. 1998) . Cantó et al. (1984) discovered a CO outflow from MWC 1080. Manset & Bastien (2001) detected periodic polarimetric variations of MWC 1080 at 7660Å. Hillenbrand et al. (1992) classified MWC 1080 on the basis of the shape of the SED into group I of the Herbig Ae/Be stars. The SED of this group can be interpreted by a reprocessing circumstellar disk (i.e. no accretion luminosity is required) with a central hole. Poetzel, Mundt, & Ray (1992) reported the discovery of Herbig-Haro outflow, HH 170, associated with MWC 1080. The HH emission was found to be predominantly east of the star, and a rather poorly collimated flow is indicated. Long-slit spectroscopy of the HH objects has shown that the radial velocities of the outflow are very high, reaching a maximum value of 400 km/s in the line wings. Yoshida et al. (1991 Yoshida et al. ( , 1992 studied the optical spectrum of MWC 1080, and mapped its nearby nebulosity and the surrounding molecular cloud in several molecular lines. They classified the spectral type as early A with a luminosity class of Ib-II. They found prominent P Cygni profiles in the Balmer lines up to Hǫ. Abrahám et al. (2000) observed MWC 1080 at mid-and far-infrared wavelengths with ISOPHOT, the photometer on-board the Infrared Space Observatory. They established that MWC 1080 has a peculiar SED, different from any other Herbig Be stars. With a steep flux density increase below 3.6 µm, the ISOPHOT and ground-based data outline a plateau in F ν between 3.6 and 15 µm. Around 18 µm, however, the spectrum starts a second steep increase which culminates in a well-defined peak at 100 µm.
The environment of MWC 1080 was resolved by KAO at 100 µm. Di Francesco et al. (1994) derived an apparent size of 29 ′′ . The presence of an extended component is also inferred from the submm observations of Mannings (1994) , who measured 350 and 450 µm flux densities in excess to the prediction of a simple optically thick accretion disk model. The source is also extended at 1.3 mm. Near-IR interferometric measurements at 2.2 µm resolved the inner (r ∼ < 5 ′′ ) disk region of MWC 1080 (Eisner et al. 2003 (Eisner et al. , 2004 . Testi et al. (1998) detected a conspicuous group of stars embedded in a diffuse nebulosity around MWC 1080. The radius of the group is about 0.7 pc. Wang et al. (2007) present CS J=2-1, 13 CO J=1-0, and C 18 O J=1-0, observations with the 10-element BIMA array toward the young cluster around MWC 1080. These observations reveal a biconical outflow cavity with size ∼0.3 and 0.05 pc for the semimajor and semiminor axis and ∼45 • position angle. These transitions trace the dense gas, which is likely the swept-up gas of the outflow cavity, rather than the remaining natal gas or the outflow gas. 32 clumps are identified in the dense gas. The clumps are approximately gravitationally bound, which suggests that they are likely collapsing protostellar cores. A comprehensive study of the most luminous members of OB associations of the Cassiopeia region beyond 2 kpc has been published by Humphreys (1978) . Further results on membership and Hertzsprung-Russell diagrams can be found in Garmany & Stencel 22 (1992) . The basic data of the OB associations, taken from Humphreys (1978) , are shown in Table 12 . All of them, except Cas OB 14, are located in the Perseus spiral arm. The interactions of the high luminosity association members with their environments are reflected by the giant far infrared loops, discovered in the IRAS images around Cas OB 1, Cas OB 5, Cas OB 6, Cas OB 7, and Cas OB 8 by Kiss, Moór, & Tóth (2004) . The shell around Cas OB 5 has been studied in detail by Moór & Kiss (2003) .
The OB Associations in Cassiopeia
